LOAN DOCUMENT

PHOTOGRAPH THIS SHEET

INVENTORY

DTIC ACCESSION NUMBER

DOCUMENT IDENTIFICATION

(AT TSSIECIOK LY
NTIS CRAM LEA\
pTIC ™AC

'UNANNOUNCER o
JUSTIFICATION

BY

| DISTRIBUTION/
AVAILABILITY CODES
DISTRIBUTION  [AVAILABILITY AND/OR SPECIAL

A-|

DISTRIBUTION STAMP

Reproduced From
Best Available Copy

19981223 004

DISTRIBUTION STATEMENT

DATE ACCESSIONED

DATE RETURNED

DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-FDAC

REGISTERED OR CERTIFIED NUMBER

RO E-S—3 EHC0Z> T

h—

STOCK IS EXHAUSTED.

LOAN DOCUMENT




: — T NS T e,
\ .
PR . o o pe PRS- B -
v &
..

5575

A 2P <= 4 AN S S r VA e

| ad ‘_3‘ moe ;mu F-)h*
o . a2 “:* i ,ﬁ.v & ‘.;"'
i ﬂx: g “"E ﬁ d.w g."&
! g Warminster, Pennsylvania
: "onas e WP HWIR IR TG IURT T T NI K% AR Lope IR ATAt PANGE &t ThG wiy EAVETER NS PRI ET dtt 3ot o !\i\\’ﬂ’ﬁ%ﬁ\\?“' oy ST TN
) ‘ . . MU o ik
' SYSTEMS ANALYSIS AND ENGINEERIMG DEPARTMENT g
TECHNICAL MEMORANDUM 70-014-3 1 MARCH 1971 4
A MODEL FOR OBTAIMTNG AN ESTIMATE §
: FOR PROBABILITY OF ENTRAPMENT BY AH ENEMY RADAR f
IN THE PKESENCE OF NOISE JAMMING i
AIRTASK A5335326/202C/0W3344000 R
Work Unit 1 j
d

o Py

ETETREENE

NO DISTRIBUTION
STATEMENT




e e R+ o e 42

DEPARTMENT OF THE NAVY
NAVAL AIR DEVELOPMENT CENTER

JOHNSVILLE -
WARMINSTER, PA. 18974

Systems Analysis and -Engineering Department
TECHNICAL MEMORANDUM 70-014-3 1 March 1971

A Model for Obtaining an Estimate for Probability of Entrapment
by an Enemy Radar in the Presence of Noise Jamming -

AIRTASK A5335336/202C/OW3344000
Work Unit-1l

Prepared by: (;giﬁny; fz-é;azmémax_
odman

Irwin R. G
Reviewed by: 4% /%/,.{{;/;-/

"/R. N.” Becker

Approved by:__ ) ¥ M.

D. F. Maclnnes
Chief Systems Analyst

ST Y e




SAED ™ 70-014-3

INTRODUCTION

The model presented in this technical memorandum was developed in
support of the expendable jammer study currently being conducted at the
Naval Alr Development Center.

The purpose of this model is to evaluate the relative effectiveness
of friendly jamming of enemy acquisition radars in terms of the tracking
errors introduced into the enemy acquisition radar prior to target hand
over to the enemy fire control radar operators. The effectiveness of
friendly jamming against enemy acquisition radars was evaluated and is
reported on in reference (a). ‘

Typical results from the Radar Entrapment Model developed herein
are described in reference (a). The radar entrapment model is presently
programmed on the NAVAIRDEVCEN (Naval Air Development Center) CDC-3200
computer, and is useful for the evaluation of jamming performance in
terms of the errors introduced into the enemy acquisition radar in terms
of penetrator track prediction.

P s o]

At present, the model is being expanded to include the effects of
expendable jammers, that is, multiple jamming strobes, expendable jammer
ballistic traJectory effects, and the effects of possible enemy radar
burnthrough. '

The basic radar entrapment model presented herein assumes that the
enemy acquisition is tracking a target in error and is estimating the
actual penetration. Track information is handed over to the enemy fire
control radar which is required to position itself (in space) so as to
effect an intercept with the SAM (Surface-to-Air Missile) envelope.
However, due to track errors introduced by the jamming, the radar position !
vector is most likely in error. The model evaluates this error in temms
of the probability that the aircraft will be physically present in the
fire control radar entrapment region when the fire control radar is
activated. ‘

IR el




Descrigtion

We assume a friendly airplane (or a cluster of airplanes) carrying
on board jamming devices - describes three dimensional straight line
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DISCUSSION

constant velocity motion.

Two enemy radar sources are present. One source, the acquisition .
radar, tracks the airplane until the enemy estimates, based on
observed data,of when and where the airplane will most likely be first
within the lethal detection Tegion about the other source, the fire
In order to seize the earliest opportunity to fire at
the airplane, the latter, close to which an enemy missile launcher is
located, then pivots angle-wise about its fixed location so that one
corner of its lethal detection region is placed at the estimated posi-
tion of entrance of the airplane within the effective missile range.

control radar.

The lethal detection region for the fire control radar is defined
as that region bounded by the maximal and minimal effective missile
ranges and also within the 'finite detection cone of the radar, the
position of which is angular dependent only.
Estimates are also made by the enemy of the estimated exit time of the
airplane, and time gates are established about the estimated entrance
and exit times from the lethal region.

the turn-on and turn-off times of the fire control radar.

Standard regression analysis is used in obtaining the enemy's
Outcomes are then generated at various
sample times and a determination is made whether the airplane will
actually be in the lethal region between enemy turn-on and turn-off
times, for a given run (set of sampling outcomes).
probability of (lethal) detection is then just the percentage of runs
in which the airplane passes through the lethal region between turn-on

estimated path of the target.

and turn-off times.

Model Development

Parameters of equations of motion of airplane T:

= x-velocity

= initial y-position

initial z-position

= time; ty is initial time

2

= y-velocity
z-velocity X-Xg _ Y=Yo . %-Zo _
= initial x-position | Vx Vy Vz

{See figure 1.)

These calculations determine
Since the
longer the fire control radar is turned on, the more likely the enemy
will itself be detected and fired upon by the aircraft, an upper bound
is also imposed on the elapsed time between turn-on and turn-off times.

The estimate of

COOn

i
l..cn us

let,
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Through jamming noise, observations

at time ti with covariance matrix

; 0?? 2::Cw
, ' O,.

0';:‘ ’ i=1,...,m,

A
o
<
S. Do Mo
I
%
>

where for 1 = 1,...m (observations are made by another radar located
at another source):

}i is the observed x-y range of T by the acquisition radar
~at time ti

o

0, is the observed azimuth angle of T by the acquisition radar
~at time ti

(]

¢i is the observed elevation angle of T by the acquisition

radar at time ti
( See appendix A for further evaluations.)

V,V,VZ,X

, Z_ are totaliy unknown to radar
x’ 'y o ,

o’ Yo

The relations between x-y-z rectangular coordinates and r-6-¢
coordinates are

rcosé = X2+ y?

X =
y= rsing tang = &
z=r t?md’ . tanQb = Zr-_—

Then using standard transformation techniques,

. ° . ° o
letting X, = T;.cos Gi
° -0 . g.

y. = T. sin O,

i i i
] ° '

2, = T, tan S.

1 1 "1
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;
o kS - ) :
| : Xi Ox;  Ouy Oxize n T
% » v —~— a" % : v T
* , cov( | Y ]) E Wi oy 0wz | R J. Cov g' ’
% on  Ovwy 0F '
i X
| 413
where tT =
i r
: . ) d (g) % r=r '
- “tog=e;
: ¢ =9
cosg  ~rsiné o,
- Sin ¢ rcos 6. @
: 2
0 reec’d e
tan @ 2t r._r,.
¢ = s
° []
T : I
Each ;Si: is normally distributed and for i # j, 8i is statistically
A | i
2.
e

independent of Qj ,» 1 <i, j <m
3; | | <
J

Letting xj, y;, 23 be the actual x-y-z coordinate values of T at
time tj (unknown to acquisition radar) and rj, ©j, #j the corresponding
r-0-p coordinates, then since

'ss

Xg % X ¥V (ti'to)
Yi Y Yy L (Etg) whe,
2, =2 %V, ¢ (ti'to)

we can compute
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2 - 2 2
r.“ = X, +y.
yl

i i
- Yi
tan Gi = ——  etc.
A i
, z, i=1, Rl
tan ¢i = — , etc.
i

Then by use of standard tables for each run, we generate ghe outcomes
r; from N(rj,or.), 61 from N(8;i, 0g.) and 81 from N(gi, o¢i). In turn,
gromotheorelations developed previoiisly, we then obtain E

N

X. . P
i* Vi %4

Then, we have for each run the following regression model:

. €
¥, b Gte) O © © O ex,
! © o I G 0 © X, N
1, o 0 ©o 0o (U [(tt) Vy Z,
2 R I J Yo |4 :
, . Vo ' f “ v VY '
?m { (t m=1o) O O 0 o 2 > ¢ .
\ P © 0 | Wty o O Ve o
2” \ O ) (o) O l (tmdtd) ezm /
b L S A T . o~/
\
\’:“ : Bm x GLM
(3m by 1) (3m by ¢ of rank €) (€byD) (Zm y1)
€W\ ‘.5 N ( OBmA ) §m >
0;, Oxy, Qx,z., ' N

9y O3, Chz,:

d-xlh Ovz2, o
where Zm = [~ I

— ——

’ a‘x"; O.KMYM a}ng\

’ OkmYon a-:;m m/m 2n
O

E ¥nZn Vpzm O3

l‘s 3m by 3m posi{we definite

[
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It follows from standard results (referehce (a)) that 'best"
estimate of X

minimal covariance matrix absolute unbiased estimate -

generalized least squares estimate, etc.
based on data Xis Vi 255 ti’ i=1,...m

A
= Xipn:

3
L3308

<>3InN>
©

]
™

1; - -1 T -1 |
= (BN 2 Bm) Bm im \(M ' .
/ | o /%
/ by matax P2 itionng 5 letting Y‘Z) = i
A€ b (ti-te) o o o O A€ Ox 0 ',m Oy 2:
Bff) = ( © © \ (ti-te) 0o © >,2m= (g_ximj 0"‘\}-‘ a:,‘-;,;>:

°© 0 c o L -to)

= % Ba S(-.‘) Bm>-" E B‘."; z:; YLa)

6 by ¢ atax
‘ A A A ¢
We then haw Xm = ¥om = Xo ¥ Vir (tm=to)
. N
' ?M = 9m = \? + v\(’ (tm=to)
™M mP ‘ W}\
1,\,,\".-'.:' -i\rn: 9.9» + \'(1.' (tm-te)
™ m
6
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; The above results constitute the “direct" regression solution.
However, a 6 by 6 matrix must be inverted for each new observation
time, t Recursive filtering as given by the Kalman-Buoy filter

" reduces"this problem; ' '

Let
| gty |
i ° 1’: O ‘ O
- = N I‘-U:.:.t)‘—l .- >

A(tq 'tp) ——O’ ___‘ ‘o %I P‘ Q ]

- | )

O | O ‘ O q' f
Xp
d |l 0 oo o) Vx
Moi(ooaogo ,Xﬁl-f M
o0 oo | O P \7};

It s PK“DLIY seen 'tkat

Xq = A(tq—tp> ‘ X

A - .
Then if we let X{p+l) be the 'best" predlcted value of X based on
data up to time tp’ we can show (see reference (a) for ex p.J[e)

() 9‘-’“' = )2?1-\ t COV P+t> Mo (S(H!) + Mo Cov(xﬁ,) N;r)
(Y(r-n) M XW \)

(i) ?m = At -ty) ’)?P | |
i Cov (fou) = Altpirte) * Cov (o) (Altr-th))T

o Cov (Ke) = Cov(g(h)d Cov (X5 ) M- (S gyt HoCor Sy )M 7)-
o | + Mo cw(x‘,,)

P
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with initial set up:

o
A X
. -
| . O (xl’Qi)/(t;"’t\)
A -:_\X — -TesT T
(v Xa= | % | E A
% (5-3) /-t .
- -~0 - i
3\: — La- T |
Y2 \ (f;-%h>//1;1dt\)
2 .
Ox, 9% Oxyy, v Oxz,  Ixiz,
ta=t, ti-t, a1
2
0; >4 O
t.-)it-? X 0, + 0x, Oxay, alel'l’D?‘:Ye 0¥z, Oxz, +0x.2, -
. a2 (ta—to)* t.-t, (ta=t)?  t-t | W
Cov(X) = ' »
oV Ay | = O\ [op 2 >
XaYy XaY2 0\/2 03 k] 0-74'21 \ Gylz?
t:""t‘ ti._t{ 'ta"t,
o 2 2 2
X2 \/2. UX:Y,"'D)(\‘M UYI ! OYJ +072 O.Y’lzl O-:/|Z| +0_Y:22
*b‘%. ({;l-t‘)2 t’l-tl (t;"t] ) b tt‘ti L'L;,"t \ )E
. O
XaZo tx‘i: GBEZz g!é& Oé; ‘52
2 ] tl t‘ tz‘-t|
0%,2 ' '
- ztz Oxz2,+ 0x;2, Ovaz, Ovz,+0y,2, O’;.: G'zziri 0';;
r : T
' J (ta~ty)? Tt (La-ty)? t—t (ta-t*

Here only 3 by 3 matrices need be inverted, since the only inyersion
required in equations (i)-(iv) is of

(7(0+1) + Mo CW(¥!+1)'M:>
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: _ A
‘Next, at the end of m observations for a given run, we obtain Xm which

gives the entire estimated equations of motion:

%) = QM_*' \Zx"t"tM

Sy = Ju + oy + (E-tm)

M
A
'2(1‘1 = ':2\,,4 < vz'(t't”‘)
t mo.

If we let €, be the maximal effective missile range, then we consider

the intersection of

Sphere of radius €, centered at origin
and

L
BN

Equations of motion

NGO IO
¢

(This intersection may be vacuous.)

Thus we must solve

A A
(R + Vi (Eotwd)? + (Tt Yet-tad)® +

(2t \",:z'(t"b'“) )* = ¢
*
for t = t A
_ (m) ?“((f’(n)) JF A
Thus at time f?m) and at position jflt?mb = >((rn)
Z ()

the estimated’moﬁon of T_will first enter the maximal missile range.

- b

G Sl o
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The fire control radar doctrine is then to pivot by (random) angles
vy and Y], based on the data, about its source 0 (see figure 1.

Next, for the same run, estimated entrance and exit times and positions

Q at eétimated time ta '
(m) . (m)
A ; A *
¥($)~ at estimated time t(&)

& 1,A2 » 0 are predeterminedv constants.

Then the fire control radar is turned on at time tz;j—lxx and is

. '*. *
turned off at min (t(m) +Ay, t(m) + A,
0-1 random variable Z with parameter <V

. PRy L g e St
E
i
5
3
q
3 of T are computed
A
; Next, we consider the

where

7 =1 iff the (deterministic) target T in
following its actual path is in
lethal region L between on-times

and off-times

= 0 otherwise .

Pp(Zel) = O

Thus, for a given run we assign an outcome value of Z accordingly anqA

best estimate & by the percentage of successful t
number of 1's over a period of runs.

Finally, we let, after a period of runs (for the same generated
s of errors) ¢

actual path of T and fixed set of covariance matrice

—

probability of detection of T by radar =

G ot e P Y Luad 2

Lt 4 e e Nl ¢ e

Al .

s1as:

M s

e e -

rexle 4 that is, Cw =
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x\

To 15 Inner Missle
Rihgc

€0 1S Outer Missile

R

ange

Lethal Reaion Against
Tis L

X

]
S

-l

PAnmc‘levs t b' Computey -
n. vy, Xm) ,XM

x\

Estimated Path AT
Based on Pata yp to
Time twm

Bovnding Planes for Radar Beam
Ea, of T:(cos VX Hone) y—{otn )z =
/ Eq. of T2 (cosw)x +(s1ny) y=Cotinsmzzo
/ Eq.of 1
Eq.

X =koty)y =0

of IN: X =ativ+h)y =o

FIGURE 1. LETHAL DETECTION REGION FOR FIRE CONTROL RADAR

11

S aiaatie aia o TR i o e T e Ty L NIy




SAED ™ 70-014-3

REFERENCES

(a) Naval Air Development Center SECRET Reﬁort No. NADC-SD-7078
_ "Expendable Jammer Effectiveness Analysis Presentation Report' (U)

of 10 Jan 1971

(b) Naval Air Development Center Confidential Report No. NADC-SD-7008
"Applications of Discrete Linear Regression Theory to a Comparison

of ASW Tracking Techniques'" (U) of 27 Jan 1970

12

T Ll

TR

- ————————
s v o

FOI’
conf;

examp
for a

Rf.{.m ¢

P
v AR o,




TR v ¢

i o AP o 2 i

SAED T™ 70-014-3

APPENDIX A

E OBTAINING OF OBSERVATIONAt DATA

-] o
parameters, r,, 0.,

In order tg imglement the model, fhe‘cfitical

Figure A-1 illustratesl_the1

1 and of., 0g%, o ;» must be obtained.
{ typical v1ew.o% a radar operator (azimuth-range). when jamming is
present, E :

'Figure A-2 illustrates the relevant geometry when two independent
radar sources simultaneously attempt to view the target with jamming -

present.

By elementary trigonometric considerations
o o
/
a-Sin ©;" cos 67/ e

Tain ( 8i"-6;) | =
K4 , ; 9round finge rq; =/ ¥*+y? =

o '
a Sin 8;” Sin é." I

sin (& - 5:)

o
Xi

a lsin 6/

| —
IS {6;"-6;)
I

\/(os’ é"-’ + Cos‘é?;”

e
t

For simplicity, employing a human observer, upper and lower bounds
g;m and ;{0 , respectively, are perceived so that a certain
confidence.of true 8;i within these ge ascertained. For

bounds can
example, we might have 2 Jg; = sample mean ( ;Y ) - sample mean ( é?@

for all i's and using Jacobilans we can obtain 'cﬁ% approximately:
07 - 2 \* S ! ar \2 2
= N T A, Ot
, ¢ v / / '
?6;‘ 9‘-6" 6.’=9.’

.~

( 9;”'-: é,ll)

'39;” ( A )
(=8

E X: ) . Vi) /o 01,90
| X\ = [ ox: d'xm): 2 (X Y1) ‘(09{0 3(}():
Redondestly, C‘”(?.) = (ax;y: Ml gL o og) \séedp)
| etec,
A-1
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(See page 4 for other relations between x and y coordlnates )
We need $i, .07y and as alternate values, direct range:éi, and q&i

See flgure A-3

N cmaai -

The extremqﬂelevat1on heights of the target at time ti are
o < h K h , 8@ priori known beforehand. We let

<
1

'z&i=g<nw+a?> !
= L (VETho + &+ )

. | W\ (h‘_‘i)
¢, 4 J,: (A(csm (-—r—'r.,) 'f‘Ar'cs‘m h.ux)

and
&. e Arcsin (','{‘“) , where
g 4 R L (b + kD)

or, alternately,

As before, we can obtain an estimate of Ob by

h{2) hit"
20y x Arcsin (A(,)> — Aresin (Am)

Similarly,

(1) () '
We note that, in general, although when jamming is present, no
direct visual observation of the target can be made, the centered
coordlnates of the jamming pattern, that 1s, the computed

."(9.';9;//) /LIJX'JY'JZ

are taken as, in a sense, best uniform estimates of the target!'
Hopefully, biasedness caused by this procedure

coordinates at time ti.
will be minimal.
A human factors study is needed to evaluate for each i, the upper

and lower bounds of the various parameters

- é_m ( éiu)“ 5:(”/ ém// 9(2,,, ) ) h(,) h""

and relate these meaningfully to confidence levels for the corresponding

true parameters unbiasedly.

- o
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1 Tlmmmz_-,
Maximal Grovad Strote
Ranse r; _
t=t.

Acquisiton Ridar

FIGURE A-1. AZIMUTH-RANGE VIEW OF RADAR OPERATOR
WHEN JAMMING IS PRESENT
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i
Tamming Strobes
}
Y !
Grovnd Range |
r. wet, ;
Rudarl ;
!
{
Acquisition Radar 1 Acqusition Radar 2 !
FIGURE A-2. GEOMETRY OF TWO INDEPENDENT AZIMUTH-RANGE VIEWS
BY RADAR OPERATORS WHEN JAMMING IS PRESENT.
A-4
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I Acquisition  Raday 1

FIGURE A-3. ELEVATION PARAMETERS FOR ACQUISITION RADAR
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